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I. UlTiWDucTIOlrl 
1 

Refinements of equipment and teclaniq~es used w i t h  the TBW 
1 e iec ixos t a t i c  nypejrveiocity acceiera.i;or nave enhanced i%e per- 

f ormance and increased its ve r sa t i l i t y .  Detector preamplifiers 
have been improved t o  the point t ha t  much higher-velocity par- 
ticles may be detected. In addition, a high-repetition-rate par- 
t icle inject ion system has been developed for use i n  experilesnts 
requiring a large particle flux. 

One coxplication that has a r i sen  from improved accelerator 
perfarranee is that{ the increasing rate of data acquisit ion has 
necessitated more complex computational procedures than those 
original ly  used. In general, pa r t i c l e  parameters are determined 
from arithmetical  computations involving the amplitude and dura- 
t i o n  of the detector signal and other s y s t e m  variables. Although 
the  calculations a re  straightforward, they a re  time consuming, 
and t h i s  method is not pract ical  for  large volumes of data. This 
problem has led t o  the developnrent of an automatic particle param- 
eter analyzing s y s t e m  described below. 

11. IsLgCrBoIRIC X-Y PIUIPTEB 

The miin component of the  sys t em t h a t  has been developed 
for automatic particle-parameter analysis is an electronic  X-Y 
p lo t t e r .  In t h i s  system each pa r t i c l e  is represented by a point 
on a two-dimensional display. The displacement of the point along 
the  Y axis  is proportional t o  the charge on the  particle, and the 
displacearent i n  the X direction is proportional t o  its t r a n s i t  
t i m e  through the detector. Since each particle is represented 
by a single point, rather than by a rectangular pulse as i n  the 
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former method, a large number of data points can be placed on a 
single display before confusion a r i ses .  
l i n e s  of equal radius and velocity can be drawn on the plot  and 
w i l l  form a number of irregularly shaped areas, each of which 

correspond t o  a specific velocity and radius range. The radius 
and velocity of each particle can be determined f a i r l y  accurately 
by simply observing i n t o  which area the point f a l l s .  

A s  w i l l  be shown lGter, 

A simplified block diagram of the I-'TI plotter circuit ic 
shown i n  Pig. 1. The pulse from the  pa r t i c l e  detector is fed t o  
three separate c i r c u i t s  - a pulse  s t re tcher ,  discriminator, and 
d i f fe ren t ia t ing  c i r cu i t .  The pulse stretcher produces a pulse 
that has the same amplitude but is much longer than the input 
pulse. The stretched pulse is applied t o  the ve r t i ca l  amplifier 
of an oscilloscope and def lects  the  beam ver t ica l ly  by an amount 
equal t o  the original pulse height. The oscilloscope sweep is 
triggered when the detector pulse  exceeds the threshold imposed 
by the discriminator. The negative pulse from the d i f fe ren t ia t ing  
network, which occurs a t  the t r a i l i n g  edge of the detector pulse, 
is fed t o  the  oscilloscope brightener-pulse generator. The 
brightener-pulse generator delivers a short-duration, rectangular 
voltage pulse t o  the  cathode of the oscilloscope. In operation, 
t h e  beam intensi ty  control of the oscilloscope is adjusted so that 
the t race  is v i s ib l e  only when the  brightening pulse is applied t o  
the cathode. Since brightening occurs a t  the t r a i l i n g  edge of the  
pulse,  and a t  the same t i m e  the ve r t i ca l  displacement is pro- 
portional t o  detector pulse height, the position of the brightened 
spot gives the desired information. 

A fur ther  refinement makes provision for the display of 
information regarding the e f f ec t  of pa r t i c l e  impact a f t e r  the par- 
t i c le  has passed through the detector.  Generally t h i s  feature  is 
r e s t r i c t e d  t o  a simple "yes-no" t ype  of response. The mechanism 
for implementing t h i s  response is shown i n  Fig. 2. The stretched 
pulse is applied t o  t h e  ver t ica l  input of the oscilloscope a s  
before, but the output pulses from the d i f f e ren t i a t ing  network 
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Figure 1. Simplif ied Block Diagram of the Basic X-Y Plot ter  
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a re  applied t o  two loo-psec duration delay multivibrators. The 
first of these is triggered by the  posit ive spike corresponding 
t o  the leading edge of the detector pulse while the second is 
triggered by the negative spike which occurs a t  the t r a i l i n g  edge 

of the detector signal.  The trailing edge of the output pulse 
from the first multivibrator is used t o  trigger the horizontal 
sweep of the oscilloscope. The di f fe ren t ia ted  pulse  from the 
second multivibrator is fed t o  the oscilloscope t race brightener 
--it. Xi PO i - z t h e r  input is provided to t h e  trace-brightener, 
the t race is brightened i n  exactly the same manner a s  described 
above except that it is delayed by 100 psec. 

The "yes-no" feature  is characterized by changing the 
duration of the trace-brightener pulse. The e l e c t r i c a l  s igna l  
from the  experiment i n  question is applied t o  an e lec t ronic  gate 
and, if it appears i n  the time interval  specified by the duration 
of the delay mltivibrators, the output pulse f r o m  the trace- 
brightener is several  times longer. This r e s u l t s  i n  points being 
plot ted f o r  "no" events and s h o r t  l i n e s  being recorded for  "yes" 

events. The analysis of par t ic le  parameters is the  same i n  either 
case. T h i s  feature  has been par t icular ly  useful i n  experiments 
which have been conducted on t h e  i n i t i a t i o n  of voltage breakdown 

2 by pa r t i c l e  impacts. 

111. PARTICLE-PABA- ANALYSIS WITH THE X-Y PIMITER 

The amplitude of a detector s ignal  (or the displacement of 
a point along the Y ax i s  when us ing  the X-Y p lo t t e r )  is given by 

3 
= -  sc 

vo Cd 

where Vo is the signal amplitude in volts,  q is the pa r t i c l e  
charge, Cd is the  capacitance of t he  detector,  and G is the voltage 
gain of the preamplifier. Defining Vo - ySv, where y is the  
amplitude i n  scale  divisions and Sv is the  s e n s i t i v i t y  of t h e  
oscilloscope i n  volts/scale division, we get 
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q - Y [ r ]  'vCd 

S imi l a r ly ,  the duration of the s ignal  (or X displacement is the 
t r a n s i t  t i m e  7 through a detector of known length L. Ron t h i s  

we get 

3 
L L y r - - r -  
T xss 

where x is the s ignal  length i n  scale divisions and Ss is the 
sweep s e n s i t i v i t y  i n  seconds/scale division. Substituting i n t o  
the  conservation of energy equation, 

1/2 mv 2 = qVa , (4) 

where m is the par t ic le  mass and Va the accelerating voltage, and 
rearranging, w e  get 

. ( 5 )  

For spherical pa r t i c l e s  of density p,  t he  radius r is obtained 
from 

c -  3 [3svsz 'dVa] YX 2 

2rpGLa 
. 

For any given experiment the  quant i t ies  i n  brackets a r e  constant 
and are  known. Thus we can write 

2 3 r 
K yx 
- =  ( 7 )  

Given the X and Y displacements of a given point, the radius of 
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the  pa r t i c l e  represented by the point is determined uniquely for 
a specified value of IK. Furthermore, l i n e s  of equal radius can 
be specified by plo t t ing  curves of yx = a constant. 2 

To avoid the problem of generating and p lo t t ing  new sets of 
curves each time K is changed, we 
namely, a parametric radius B and 
t h a t  

By choosing an arbitrary value of 

introduce two new quant i t ies  - 
an arb i t ra ry  constant K1 

2 
YX 

K1 and letting B take on 
di f fe ren t  values, w e  can p l o t  a family of equal-R curves. 
Eqs. ( 7 )  and (8 )  we see t h a t  

such 

From 

The curves generated fo r  B are universal. Once a specified value 
for K is determined, the equal-R curves may be relabeled by use 
of Eq. (9). 

This procedure is i l l u s t r a t ed  i n  Fig. 3. F i r s t  a s e t  of 
equal-It curves, w i t h  It taking va lues  from 1 through 8 and K1 = 

5 ,  were plotted.  Then the data points recorded from a typical  
oscilloscope photograph were plotted on the  same graph. For t h i s  

run K .c 2.84 x Ron Eq. (9), r was determined t o  be 
0.178B microns. The appropriate labe ls  a re  shown i n  the figure. 

It should be recognized, also,  t h a t  t he  displacement of a 
point i n  the X direct ion is proportional t o  reciprocal velocity. 
Hence the  velocity and radius of a par t icular  pa r t i c l e  can be 
determined t o  some degree of accuracy by inspection. The radius 
of a pa r t i c l e  can be determined more accurately by interpolation 
along a l i n e  from the or ig in  t o  the point. Substituting the 
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Figure 3. Example of Particle Parameter Analysis using the X-Y 
Plot ter .  
x y 2 .  The data points w e r e  transferred from a photo- 
graphic record of a typical  run. The actual part ic le  
radius i n  microns represented by each R curve is noted 
a t  the left-hand terminus of each R curve. 

The Equal R Curves w e r e  generated from R3 = 5 
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1/3 equation of such a l ine ,  y = Cx, into  Eq. (7) y i e l d s  r = x(CK) . 
Thus measurement of the slope C and the X displacemsnt y i e l d s  r 
precisely . 

To f a c i l i t a t e  measurements, an oscilloscope graticule with 
e q u a l 4  curves etched on it has been prepared. Since the data may 

be read direct ly  from the photograph, the necessity Oi transposing 
the data paints Bas been elisainated. 

vw 
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